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b t ract 
The tooth and ro tral pin morphology of repre entati e of 
the pri tid genera Anox;pris1is and Pristi . of the rhmid genera 
Rhina and Rhynchobatu and of the rhinoballd genera : 
Aptychotrema, Platyrhina, Platyrhinoidi , Rhinobato ·. 
Tlygonorrhina. Zanobatu and Zap!ef) 'X i de cribed and illu -
trated by EM photograph . differential diagno i i given 
to di tingui h the genera b tooth morphology. 
Key-wo rd : Ela mobranchii - Batomorphii - Pri toidei - Rajoidei 
- Rhinobatoidea - dontology - y tematic . 
Re ume 
La morphologie dentaire, e t eventue llement c lle de epine 
ro trale , de onze genre que comprennent Je pri tide : 
Anox;pri ti et Pristi , Je rhinides : Rhina e t Rhynchobatu et 
Je rhinobatide : Aptychotrema, P/atyrhina, Platyrhinoidis. 
Rhinobatos, Trygonorrhina, Zanobatus et Zapteryx e t decrite et 
illu tree (c li che MEB e t macrophotographique ). ne diagno e 
differentielle permettant de di tinguer ce genres ur ba e de 
leur morphologie dentaire e t proposee. 
1ot -cle : Ela rnobranchii - Batornorphii - Pri toidei - Rajoidei 
- Rhinobatoidea - Odontologie - ys tematique. 
Kurzfa ung 
Die Zahnmorphologie und Morphologie der Ro tral tacheln von 
Vertretern der Pri tidengattungen Anoxypri ti und Pri.>tis, der 
Rhinidengattunge n Rhina und Rhynchobatu und de r 
Rhinoba tidengattungen: Aptychotrema, Platyrhina, Platyrhinoidis, 
Rhinobato , TIJ •gonorrhina , Zanobatus and Zapteryx wird 
be chrieben und mit REM-Photo illu tri e rl. Eine 
Di fferentia ld iagno e erlaubt die nter cheidung de r ver chie-
denen Gattungen nach ihrer Zahnmorpholog ie . 
Sch lü e lwörter: Ela rnobranchii - Batomorphii - Pri toidei -
Rajoide1 - RJ1in oba toidea - Odontolog ie - ysternatik . 
Part B: Ba tomorphii No.2 - O rder: Rajiformes -
uborder: Pr i toidei - Family: Pri tidae 
l nt roduction 
fter the fir l cla ification of the Pri tidae by L THAM 
( 1794 ), evera l re ised concept follov ed. FOWLER, ( 1941) 
ubdi ided Pri ti into the l\ o ubge nera Prisli and 
Prisliop i based on pre encc or ab ence of a marked 
lower caudal lobe; BrGELO\ & HROEDER ( 1953) likewi e 
ubdi ided the family into pecie groups, a : with di tinct 
lower caudal lobe and b: without marked lower cauda l 
lobe but did not draw nomenclatorial on equence ; 
OMP o ( 1973) recogni zed the two gen ra Ano).ypristi 
and Pris ti , fo ll owed by EL o ( 1994), with i p cie 
in total. We follow the cla ification of the latter author 
as the most recent one. 
The tooth and ro tral pine morphology of both genera 
i de crib d and ill u trated by EM photograph . Becau 
their morpho l gy i not to th- like the term rostral sp ine 
is used here in tead f ro tral t th . 
Material 
The jaw of the fo llowing 7 pecimen of the 2 g nera 
and Lhe ro tra 26 pecimen were examin d for thi 
1 ue: 
Pri tis pectinala 
oii .HOVE TADT uncata logued : 
oii .HERM uncata logued : 
uncatalogued: 
<;? 780 mm TL 
<;? 3750 mm TL 
o 3750 mrn TL 
I 08 J. HERMAN, M. HOVESTADT-EULER, D.C. HOV E T 
Anoxypristi cu pidata 
M H uncatalogued 
MNHN uncatalogued 
IRS 8 R489ß 
IRSNB R489Y 
<j> 700 mm TL 
ö 620 mm TL 
<j> 800 mm TL 
ö 670 mm TL 
Description of the odontological characters 
As sexual heterodonty was never reported for any species 
of both genera, the best pre erved set of teeth was elected 
for studying irrespective of sex. 
T he !arge rostral spines are a lso tudied and wi ll be 
described and ill u trated. 
Genu : Anoxypristis WHITE & MOY-THOMAS, 194 1 
This genus is monotypic wi th Anoxypristis cuspidata. 
Anoxypri tis cuspidata (LAT HAM, 1794) 
(P I: l , 2 7 to 9 and 11 ) 
Pristis cuspidatus LATHAM 1794, An essay of the variou 
species of sawfish. Transactions of the Linnean Society 
London . 2 : 279 . pl. 26 fig.3. 
HETERODO TY 
The dentition i grad ient monogna thic heterodont, in that 
late ra l teeth become broader towa rd the co mmi ssure. 
Sexua l or ontogenetic heterodonty i not to be expected 
on ora l teeth, a lth ough juvenile were examined only, but 
ma les pre ent broader rostra l spi nes than females . 
V AS ULARIZAT ION 
The teeth have an ana ulacorhi z id root, cha racter ized by a 
relatively broad, low pulp cavity. A mes ia l and di sta l la teral 
in ner, as we il as an outer fo ramen connect the pulp cavity 
w ith the outside. Va cular tube of the circumpulpar dentine 
radiate into crown. 0 teodentine wa not found . 
( ee textfigure l ) 
Textfigure l. 
Anoxypristis cuspidata tooth hi tolog ical cro s- ection . 
FEMALE A 0 MALE 
The teeth have a flattened crown, w hi ch i divided by a 
weak ly arched tra n ver e kee l into an inner and outer 
face . Both, outer and inner faces are strongly co nvex and 
have smooth surfaces . The inner face presents a ma ll , 
prominent uvul a. 
The weak ly arched basa l pa rt of the oute r face more o r 
less overhangs the c rown-root j un ction. 
The low root generally presents two oute r fora mina, and 
also a di ta l and me ia l foramen at each side of the uvul a . 
The root ba e is fl at and Iack any trace of a median 
g roove. 
RO TRAL SPI ES 
T he rostra l spines of this spec ies consi t of a crown, 
covered w ith an enameloid laye r and a root-like ba e, in 
wh ich th e enamelo id layer of whi ch is extremely th in or 
even absent in juveniles. The stra ight, extremely e longated 
crown is fl attening toward the apex and thu forming 
cutti ng edges at front and rear w here as the ba e is oval-
sha ped . Both front and rear cu ttin g edges are mooth in 
adul ts , but the rear one has a harpoon - li ke constri ction 
about ha lf way its length in j uvenil es . 
T he basa l face shows a V- haped media n groove, whi ch 
i front- rear directed. A !arge basa l foramen in ab ent, 
bu t numerou minute fo ramina are present as external 
openings of para ll e l vascul ar canals in the root, and these 
cana ls merge at ha lf of the ir length in a way like osteo-
dentine . 
Genu s: Pri Ii LI CK, 1790 
With the exception of Pristis cuspidata the genus Pri ti 
co mpri se after ßi GELO\ & CHROEDER ( 1953) the 
fo llow ing pec ies: P clavata, P leichhardti, P pectinata, 
P perotteti, P pri ti (type specie ) and P zij ron. Teeth 
of the ty pe pecie were not ava ilabl e fo r exa mination , 
and therefore teeth of Pri tis pectinata were used in tead . 
Pristi pectinata LATHAM, 1794 
(Pl a tes: 3 to 8, l 0 and ll ; Textp lates: 1 and 2) 
Pristis pectina!Lt L TH M 1794. A n es ay of the va riou 
specie of sawfi h. Tran acti on of the L innean ociety 
London. 2: 27 . p1. 26 f ig.2 
H ETERODO TY 
T he dentiti on i g radient monognath i hete rodont in that 
li g ht ly broad r towa rd the 
comm i ure. e ua l he terodonty i not hown in o ra l 
teeth, b ut ma le pos e broa de r ro tra l pin th an 
fe ma le . O ntogenetic h te rodonty pre ent d b a I 
deve loped uv ul a in j uveni le . 
Tt: tpi.lte I 
109 
Pn,ri peuinara L \fi!A\1, I ..,9-1 Inn r and outer 'tC\\. of the Ja\\ of a female Jr cm t.l.. orea enegal Plwlo 
I 11c Zll'ij en 
V.<\ C l RIZATJO, 
The teeth hov. a holaulacorhiztd root type '' ith a relatively 
mall pulp ca\ ity. from whtch two or three va cular tring 
cnter thc crown. Tube of the circumpulpar dentine radiat 
mto crown and root. 0 teodcntme wa not ~ und. Th 
\a culanzat10n y tem enter the pulp ca\ 1t through a 
!arge foramcn in the center of thc medtan groove and a 
di tal and mc ial foramen at each ide of the uvula. ( ee 
textfigure 2) Te tfigure 2. Pri ri pectinata to th hi tologtcal cros ·- 11 . 
Te:>..tplat 2. Prisri pectinata L\TH \\t, 179.:l. Detail of upper and lower central part of the dentil1on the am female 375 cm 
t.l.. Gorea, enegal. Photo Luc Zwij en 
morphology of teeth and other rc le ant tchthyodoru lite II! 
TO f M LE 
Th t th ha e a fl att ned rov 11 , hie h i di ided into 
an inner and an out r fa e b a trongl ar hed tra n -
v r e kee l. 8 oth outer and inner faee ar trongly conv 
and hav moo th urfaee . The inner faee pre cnts a 
promin nt uvul a, \ hie b i relati el narrow a11d tr ngly 
prolruded i nwa rd . 
Th w akl arehcd outer ero n ba e more or le 
o rhang the er n-root j un eti 11 . 
Th low root pr ent a we il developed centra l media n 
gr e on the ba al fa c, that include a !arge Foramen. 
It di ide the roo t into two root lobe , whieh are tro11gly 
protruded inwa rd . The c relati e ly nar row protrusion 
upport th u ul a. Ou ter foram ina are ab ent. The inner 
fae how a !arge foramen at aeh ide of the uvul a ju t 
abo e th e ori gin of the protru ion . 
The ro tral pine are covered with an enameloi d laye r. 
Th traight, e tremel elonga ted crown i fl attening 
tO\ ard the apex and thu fo rming a mooth cutting front 
edge but a groov fro m the ba e to apex along the rea r 
edge. The ro tral pi11e of ju enil e are le fl attened 
and Iack th e rea r groo e. 
The ba al face i fl at, more or Je quadrangul ar and 
Ia k a m dian groove. A !arge basal fo ramen in ab ent, 
but numerou minute foramina are the opening of para ll el 
va cular ea nal in the ba al part, whi ch canal merge at 
ha lf of th eir le11gth in a way like o teodentine. 
DlfFERE TJ AL DI AGNO I 
Although Anoxypris tis and Prislis hare some general tooth 
morph ologiea l eharac teri ti c . I ike the pre ence of an 
uvul a and a low crown, they bas ica lly have a di ffe rent 
tooth morphology. Pri ti repre entative how a prominent 
and we il de eloped uvul a, upported by th e in ward 
protruded holaul acorhi z id root, a11d a trongly arched 
medi an ke I on th e erown. Anoxypris li cuspidata, in 
co ntras t, ha a poo rl y de e loped uvul a, wi th a mild 
protrusion of th e anaulaco rhi zid root. 
Ro tral pine of Anoxypri Ii po se s a root-like, poorly 
enameloid-covered ba , with a V- haped medi an groove. 
Ro tral pine of Pri Ii are very di fferent, iu that they 
are full y covered with enameloid, Iack a ba al medi an 
groove and the rear edge i a g roove in tead of a cutting 
edge. 
Concl u ions 
Th c igni fica nt morph olog i a l di fferen e in both 
oral teeth and r tral pin f Anoxypri Ii and Pri Ii 
i11di cate po ible eparated phylogencti e lineage within 
Pri toid i. 
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Part B: Batomorphii No.3 - Order: Rajiformes -
uborder: Rajoidei - Superfamily: Rhinobatoidea -
Families: Rhinidae and Rhinobatidae. 
Introducnon 
In their monographic review of the entire Ela mobranchii , 
MüLLER & HE LE (1841) a igned the genera Rhina and 
Rhynchobatu into the Rhinidae and the genera Rhinobato , 
Trygonorrhina and Platyrhina to the Rhinobati d~e . The 
genu Rhinobato wa ubdivided by these author mto the 
subgenera Rhinobatos and Syrrhina. ORMA (1926) lumped 
nine genera in one family Rhinobatidae, subdividing the 
genus Rhinobatos (with its valid original spelling and 
authorship as by LI CK, 1790) into the subgenera Rhinobatos 
and Leiobatu, which wa followed by FOWLER (1941) . 
BI GELOW & SCHROEDER (1953) included two familie into 
the Rhinobatoidea, namely Rhynchobatidae with the genera 
Rhina and Rhynchobatus and Rhinobatidae with the genera 
Aptychotrema, Platyrhina, Platyrhinoidi , Rhinobatos, 
Trygonorrhina, Zanobatu and Zapteryx. Other authors 
a igned Platyrhinoidis, Zanobatus and Platyrhina to a 
eparate family Platyrhinida . COMPAGNO (1973) recog-
nized 4 families within the uborder Rhinobatoidei , namely 
Rhinidae with the genus Rhina, Rhynchobatidae with the 
genus Rhynchobatus Rhinobatidae with the genera 
Aptychotrema, Rhinobato , 7/ygonorrhina and Zapteryx and 
Platyrhinidae with the genera Platyrhina, Platyrhinoidi 
and Zanobatus. EL 0 (1994) divided the uperfamily 
Rhinobatoidea into two families , namely Rhinidae with 
the genera Rhina and Rhynchobatu and Rhinobatidae with 
the genera Apty hotrema, Platyrhina, Platyrhino idi , 
Rhinobato , 1/ygonorrhina, Zanobatus and Zapteryx. The 
classification of the latter author has been adopted here 
a the mo t recent one. 
The number of about 15 nominal pecies mentioned by 
EL o ( 1994) was not acco111panied by a Ii ting of the 
pecie . The information on nominal specie i rather old 
and needs revision according to modern criteria . Therefore, 
a li st ing will not be given of the nominal specie 
co111pri ing the genera described below. Type pecies have 
been u ed for in estigation and d criptions as far a 
peci111en were available . "Xception are mentioned in 
the text. 
Material 
The following 42 peci111en of 13 pec1e w re exa111ined 
for thi i ue: 
Aptychoh-ema bougainvillei 
oli.TR B 1299: 
Platyrhina inen is 
BM H uncatalogued : 
BMNH uncatalogued : 
o 910 mm TL. 
S? 450 mm TL. 
o 450 111111 TL. 
N 
Platyrhinoidis tri eriata 
oli.IR B 6960 : S? 445 m111 TL. 
Rhina ancylostoma 
oiLHERMA uncatalogued : o 520 111m TL. 
oll.IRS B (Ex collection OUP T Z) 
Rhinobatos albomaculatu 
Co!LHERMA uncatalogued : 
Rhinobatos cemiculus 
olLHerman uncatalogued : 
olLHerman uncatalogued: 
olLHerman uncatalogued : 
Rhinobatos irvinei 
CoiLHERMAN uncatalogued: 
Rhinobato rhinobatos 
ColLHOVESTADT M&D81 W0056 : 
CoiLHOVESTADT M&D81W0055 : 
oiLHERMA uncatalogued : 
CoiLHERMA uncatalogued : 
CoiLHERMA uncatalogued : 
CoiLHERMA uncatalogued : 
ColLHERMA uncatalogued : 
Co!LHERMA uncatalogued : 
o!LHERMA uncatalogued: 
Coll.HERMA uncatalogued : 
Co!LHERMA uncatalogued : 
ColLHERMA uncatalogued : 
Coll.HERMA uncatalogued : 
olLHERMA uncatalogued : 
oll.HERMA uncatalogued : 
olLHERMA uncatalogued : 
ColLHERMA uncatalogued: 
Co!LHERMA uncatalogued : 
oll.HERMA uncatalogued : 
o!LHERMA uncatalogued : 
Rhynchobatu djidden i 
oll.IR B 491 : 
Rhynchobatus liibberti 
oll.H RM uncatalogued : 
oll.HERMA uncatalogued : 
Trygonorrhina fasciata 
oll.I RNB 1249 
Zanobatu choenleinii 
olLHOVESTADT M&D92Z052 
oiLHOV STADT M&D92Z0529 : 
oll.HERMA uncatalogued : 
uncatalogu d: 
uncatalogued : 
uncatalogu d: 
Zapteryx brevirostri 
o!LBM H: 
o 520 111111 TL. 
o 2400 111m TL. 
o 2920 111111 TL. 
S? 1795 111111 TL. 
ad. o ? m111 TL 
S? 800 mm TL 
o 640 mm TL 
S? 730 111111 TL 
S? 405 m111 TL 
S? 714 mm TL 
S? 805 111111 TL 
S? 710mmTL 
S? 810 111111 TL 
S? 880 111111 TL 
S? 815 mm TL 
S? 810 111111 TL 
S? 730 m111 TL 
S? 700 mm TL 
S? 660 mm TL 
S? 645 111111 TL 
S? 848 mm TL 
o 380 111111 TL 
o 725 mm TL 
o 595 mm TL 
o 670 111111 TL 
no data 
S? 1310 mm TL 
o 1595 111m TL 
o 200 111111 TL 
S? 157 111111 TL 
S? 123 111111 TL 
S? I 5 111111 TL 
S? 590 111111 TL 
o 620 111111 TL 
o 455 mm TL 
S? 420 111111 TL 
Contributions to the study of the comparative morphology of teeth and other releYant ichthyodorulite 
Te\.rplate 3. Rhmu tm(rclu toma BLOCH l H'\EIDER. 1 0 I. Inner and outer \ te\\ of the Jaw of an adulr pecimen cuca 250 
·m t.I..Indtan Ocean. Photo Luc Z11·ij ·en. 
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Textplate 4. Rhina Gll(\ 'c/0 (0/1/(/ B LOCH CH EIDlR, I Ol. Detail of upper and lower nlral part r the d ntitl011 of lhe 
same pecimen, circa 250 cm t.l.,lndian cean . Photo Luc Zwijsen . 
e morphology of teeth and other relevant ichthyodorulite 
De cription of the odonto logica l character 
Family: Rhinid ae 
The family compri e the two genera Rhina and 
Rhynchobatus. 
Genu : Rhina 8LO H & Cl-lEIDER, 1801 
Rhina ancy/o toma BLO H & HElDER, 1801 
(Piate : 12 to 14; Textplate : 3 and 4) 
Rhina ancylostomus BLOCH & S HElD ER, 180 l. Blochii 
y tema Ichthyologiae iconibus e illu tratum . Po t 
obiturn auctoris opu inchoatum ab olvit, correxit, inter-
polavit J.G . Schneider, axo. Berolini: p.3 52, pl.72. 
HETERODO TY 
The jaw of this pecies underwent extraordinary deve l-
opment, in that they became undulated . Thi s ha resulted 
in a !arge lower symphysial protru ion and a less 
developed latera l one of each lower jaw half. The upper 
jaw halve have therefore, an indentation at the corre-
sponding positions allowing exact interlocking of both 
jaw . Heterodonty is distinctive, in that lower jaw teeth 
are broad on top of the ymphysial and lateral protru-
sions but narrow r down their ides and in the interme-
diate depre ion , as we il as toward the commissure. The 
oppo ite phenomenon i presented in the upper jaw, which 
how narrow teeth at the ymphysial and both lateral 
depression but wider teeth in the intermediate protru-
sion and toward the commis ure. Sexual heterodonty i 
ab ent (i nformation supp lied by Dr. H. Cappetta), but 
ontogenetic heterodonty is gi en by a lower tran ver e 
keel , the absence of an ornamentation of the outer part 
of the crown and secondary hemiau lacorhizy of the tooth 
root in juvenile . 
VA UL RlZATfO 
The tooth root how holaulacorhizy in adult and 
econdary hemiau lacorhizy in juvenile . In both ca e the 
t eth ha e a !arge pulp cavity, from which th a ular 
tube of th circumpulpar dentine radiate into crown and 
root. !arge for·amen i pre ent in the median groo e in 
adult , wherea ju enile how one !arge central and one 
or two cattered maller outer foramina, a weil a a 
centrat and a maller me ial and di tal inner foram n, 
that all connect the pulp cavity with th out ide. 
0 teodentin ' a not found . 
( ce t tfigur 3) 
FE L 
Th rown ha a high, trongl ar hed tran er e keel, 
' hi h i light! ar hed in ard in o clu al i ' thi k l 
Textfigure 3. 
Rhina ancyclo roma tooth hi tological cross- ection . 
divide the crown into a convex outer part, the outer edge 
of which i bluntly angled in the center, and an inner 
part with likewise angled inner edge. The latter part ha 
a mooth surface and how trace of tri lobation by I ight 
undulation of the edge . The outer part i smooth in teeth 
of juvenile , but exhibits a fine , weil developed reticu-
lated ornamentation in adult . 
The root is re latively high, most of it ituated on the 
inner half of the crown ba e in ba al view. It outer part 
is angled in basal view, whereas the inner part how 
weil deve loped trilobation . A !arge foramen is pre ent 
more or Je in the center of a deep median groo e. 
A me ial and di tal foramen are present at each side of 
the protuberation of the centrat lobe, along the crown-
root junction. Root coating i absent. 
Genu : Rhynchobarus MÜLLER & HE LE, 1837 
The type species is Rhynchobatus cUidden i . To illu trate 
the inter pecifically different kind of ornamentation, teeth 
of Rhynchobatu lübberti are illu trated additionally (Plates : 
17 and 18). 
Rhynchobatu djidden is FüR KAL, 1775 
(Piate : 15 and 16; Textplate : 5 and 6) 
Rhynchobatus djiddensi FüR KAL, 1775 . De criptiones 
animalium avium, amphibiorum , pi sc ium, in ectorum, 
vermium, quae in itirene orientali ob erva it: pp. l64 . 
HETERODO TY 
The jaw are undulation imilar to Rhina ancvlo toma 
described abo e, wi th a corre ponding, but le d.i tinctive 
kind of heterodonty. exual and ontogenetic heterodonty 
are ab ent. 
V C L Rl Z TIO 
The teeth how holaulacorhizy with a !arge pulp cavit 
from which the a cular tub of the circumpulpar dentin 
radiate into crown and root. !arge foramen i pre ent 
in the median groo e, a weil a a maller me ial and 
116 J. H RMA"' . M . HOVE T DT-EULER, D. 
Te tplate 5. - Rhynchobatu djidden is (FüR · K.\L, 1775). Inner and outer view of th ja\\ of an adult ' P cimen, Indian an . 
Photos Luc Zwij en. 
mparative f teeth and other relevant Jchthyodoru!Jte 117 
Te ' lplat 6. Rhynchobatu djidden i (FOR KAL, 1775). Detail of upper and lm.ver c ntral part of the dentition of the ame 
p cimen Photo Luc lll'ijsen. 
II J HERMA 
d1 tal foramen, wh1ch all onnect the pulp cavi ty with 
the out 1de. ome o teodcntine ' a found below th e pulp 
cav!ly in the root area. 
( ce textfigure 4) 
Tex tfigure 4 . 
Rhynchobatu djiddensi tooth hi tolog ica l cros -section . 
F MAL D MALE 
The crown ha a weakly arched tran ver e keel dividing 
th e crown into a convex outer part, of which the outer 
edge i arc hed, and an inn r part with an irregu lar ly 
haped, weil developed uvula. The outer part ex hibits a 
ha llow, coarse reticulated ornamentation. The inner part 
ha a mooth surface and how hallow mesial and di tal 
depre ion . 
The root i relatively high and largely ituated on the 
inner half of the crown ba e in ba al view. Its outer part 
i a ng led in basal v iew whereas the inner part how 
w II developed trilobation. A large foramen i pr ent 
more or le in the center of a deep median groove. A 
me ial and di tal foramen are pre ent at each side of the 
protuberated central lobe, along the crown-root junction . 
Root coati ng is ab ent. 
Family: Rhinobatidae 
Thi family compri e the genera Aptychotrema, Platyrhina, 
Platyrhinoidis, Rhinobatos, Ti ygonorrhina, Zanobarus and 
Zapteryx. To illustrate the inter pecifically different tooth 
morphology for the genu Rhinobato, R.cemiculus i illu -
trated additionally. 
Genu : Aptychotrema ORM , 1926 
Aptychotrema bougainvillei ( AL IE • , 1 41) 
(Pi ate : 19 and 20) 
Rhinobatus (Syrrhina) bougainvillei V LE JE • , 1 41. 
in : M ü LLER & H E LE 184 1. y temati ehe B chreibung 
de r Plagio tomen : 11 7. 
ote: L A T & TEVE ( 1994:285-2 ) recognize three 
pecie of Aptychotrema in Au tralian water , name ly an 
unde cribed A. p .A, A. ro trata ( H w & ODD R, 1794) 
and A. vincentiana (HAAKE, 1885). They noted under A. 
ro trala as ynonym A. bank ii and A. lurberculatu and 
said A. bougainvillei was · doubtfu ll y di tinct' from A. 
ro trata. 
HETERODO TY 
The dentition i gradient monognathic heterodont. exua l 
or ontogen tic heterodonty could not be clarified because 
of lacking female and juvenile specimens . 
VA C LARIZATrON 
The teeth show holaulacorhizy, with an extremely large 
pulp cavity, from which the vascu lar tubes of the circum-
pulpar dentine radiate into crown and root. One !arge 
centra l foramen in the median groove and a sma ller me ial 
and distal one connect the pulp cavity with the out ide. 
Osteodentine wa not found. ( ee textfigure 5) 
MALE 
The crown exhibit a relati ely e longated, inward directed 
principal cu p . lt ha concavely arch d cutting edge in 
anterior teeth but dimini he in height rapidly on lateral 
teeth to become fina lly a tran ver e keel on po terior 
teeth . ln occlusa l iew the convex outer part exhibits a 
trongly arched outer edge and a tri lobed inner part, with 
irregu larly shaped, we il developed me ial , distal and central 
uvula . An outer ornamentation is absent. The inner part 
Textfigure 5. 
Aptychotrema bougainvi/lei tooth hi tological ro s-section . 
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Te tplate 7. - Rhinobato rhinobatos (L AEU , 175 ). Inner and outer view of the jaw of a female I cm t.l., Djounia, 
Lebanon. Photo Luc Zwij en. 
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Textplate 8. - Rhinobato cemiculu E. GEOFFROY DE Af T HrLAJRE, l 17. Detai l of upper and lower central part of th 
dentition of a male 292 cm t.l. , Abidjan , Ivory oast. Photos Lu Zwijsen. 
how coar e ba al co tule , wh1ch more di tinct in 
anterior teeth, on all three lobe . 
The root i relatively low and largely ituated on the 
inner half of the crown ba e in ba al view. ft outer part 
i bluntly angled in ba al iew, wherea the inner part 
how weil developed trilobation. pair of !arge foramen 
i pre ent more or le in the enter of a deep median 
groo e. e ial and di tal foramina, a weil a root coating 
are ab ent. 
enu : P/atyrhina M .. LLER & HE'\LE, 1838 
Pfaty rhina inensis ( 8 LOCH & H I DER, 1 0 1) 
(Plate : 23 to 25) 
Raja inensi BLO H & H EIDER, I 0 I. ßlochii y tema 
lchthyologiciae iconibu ex Illu tratum. Po t obiturn 
auctori opu inchoatum ab ol it, corre it, interpolavit 
J.G . II EIDER: axo ßerolini : 34, 157 
HETERODO TY 
The dentition i gradient m nognathic h terodont. exual 
heterodonty i given by a relatively hi gh, elongated 
principal cusp on teeth of male , er u lower cu p in 
fema le . lthough a ju nile individual "a not available 
for examination, ontogenetic heterodonty i to be expected 
becau e of u ually female-like character of teeth of 
ju enile . 
L RLZATlO 
The teeth how holaulacorhi zy, with a mall pulp cavity, 
from which th a cular tube of th circumpulpar dentine 
radiate into rown and ro t. On !arge central foramen 
in the median groo and a maller me ial and di tal 
f ramen onn t the pulp ca ity with th out ide . 
t od ntine wa not found. te tf1gure 6) 
FEM 
he er v n ha a lov , weakly ar hed tran r e keel, 
whi h i traight in o Iu al vi w lt di' ide the crown 
mt a light! om· x out r part, ot • hi h the outer dge 
f' hi h i w akl arch d utv arci and a trilob d inn r 
Te tf1gun: 6. 
Platn·/ww Silleil ·i\ to th h1 tolog1 al · ro - e 11011. 
part, w 1th weil developed me ial. d1 tal and ntral uvula . 
Inner and out r face are a mooth . 
The root i relat1 ely low and largely 1tuat d on the 
mner half of the crown ba e in ba al vie\\ . 1t outer part 
i weakly arched in ba al 'iew. wherea the mn r part 
how weil developed tnlobation. w1th th c ntral lob 
extremely protruding inward. !arge foram n i pr nt 
more or le in the center of a deep median groov . 
mall me ial and di tal foramen 1 pre nt at each id 
of the protuberation of th central lobe, al ng the r \\ n-
root junction. Root coating i ab ent. 
MALE 
The crown exhibit a relatively el ngated in' ard dir cted 
principal cu p with conca ely arched cutting dge . In 
occlu al view the lightly conve outer part e hib1t a 
\\eakly arched outer edge and a trilobed inner part, '' ith 
weil de,·eloped mesial, di tal and entral u ula . Th 
entral u ula i Ionger than th me ial and Ii tal one . 
Inner and outer ornamentation i ab nt. 
The root i relatively high and !arg ly ituatcd n 
the inner half of the crown base in ba al lt 
outer part i bluntl ang led in ba al ie\\, wh rca the 
inner part how wei l d veloped trilobation. !arge 
foramen i pre ent more or le in the center of a d ep 
median groove. h edge of th median gr ove tcnd to 
merge, gi ing the median groo a tube-l1ke appearan e. 
!arge me ial and di tal foramen i pre ent at ca h ide 
of the protuberated c ntral root lobe. Root oating i 
ab ent. 
Genu : Platyrhinoidi · R'viA , I 
Thi genus i monotyp1c with only P tri eriata . 
Platyrhinoidi tri eriata (JORD \ '\ GtLB RT, l 0) 
(P late : 21 and 22) 
Platyrhina tri eriata JORD GILBERT, 0. De ription 
of a new ray (Platyrhina tri eriata) from the coa t f 
alifornia. Proceeding of the United tale ational 
.'vfu eum, .., : 36. 
II TERODO TTY 
Th dentition i gradient monognath1c heterodont. 1th r 
ual nor ont g net1 heterodont} could be lanf1ed 
b cau e of la king mal and JU ende p c1men . 
\ LARJZ Tl '\ 
Th t eth hO\\ holaula orhJZ}, with a mall pulp cm 1ty, 
fr m \\hi h the va ular tub of the Circumpulpar dentine 
radial mto crow n and ro t ne I arge central foramen 
111 th m d1an groov and a maller me 1al and d1 tal 
122 
foramen onnect the pulp cav ity w1th the out ide. 
0 teodentine was not found . ( ee textfigure 7) 
TexLfigure 7. 
Platyrhinoiäis tri eriata Looth histological cros - ection . 
FEM LE 
The crown bea r a trongly arched tran verse keel , which 
divide the crown into a convex ou ter part, the outer edge 
of which i arched, and an inner part with a weil developed 
central and le developed me ial and di stal uvul as. Inner 
and outer ornamentation are absent. 
The root i relatively hi gh and largely ituated on the 
inner half of the crown ba e in ba al view. Its outer part 
i ang led in ba al view wherea the inner part how 
trilobation . A !arge foramen i pre ent more or le s in 
the center of a deep, but relatively narrow median groo e. 
A mall mes ial and di tal foramen i present at each ide 
of the protuberated central lob , along the crown-root 
j uncti on. Root coa ting is ab ent. 
Genus: Rhinobatos Li K, 1790 
Rhinobatos rhinobatos (Li E , 1758) 
(Piate 27 and 28) 
Raja rhinobalos Li AE , 1758. y tema naturae, d. X: 
232. 
To offer an indication of interspecifi c va ri ation of th e 
tooth morphology with thi s genus R. cemiculu is illu -
trated additionally (Plate 26). 
H TERODONTY 
The dentition is gradi ent monognathic heterodont. xual 
heterodonty i shown by a low u p on anterior and lateral 
teeth of males, versu a sli ghtl y arched tran ver e keel 
in females. Male juvenile how ontogenetic heterodonty 
by having a tran verse kee l in tead of thc low cu p of 
adult males. 
VA LARIZATIO 
The tceth how holaulaco rhizy, with a mall pulp cavi ty, 
from which th e va cul ar tube of the circumpulpar d ntine 
radiate into crown and root. One !arge central foramen 
in thc median groove and a mall er me ial and di tal 
foramen con nect the pulp cav ity with the out id . 
0 teodentine was not found . ( ee tex tfi gure 8) 
TexLfigure 8. 
Rhinobatos rhinobato too Lh hi stological cro s-section. 
The crown has a low, weakly arched trans er e keel , 
whi ch is traight in occlu al view. lt divides the crown 
into a sli ghtly convex outer part, the outer edge of which 
is weakly arched outward, and a trilobed inner part with 
a poorly developed mes ial and di tal , but a weil developed 
central uvul a. Inner and outer ornamentation i ab ent. 
The root is relatively low and large ly ituated on the 
inner half of the crown ba e in ba al view. lt outer part 
i weakly arched in ba al view, wherea the inner part 
how weil deve loped trilobation with the central lobe 
tronger protruding inward. A !arge foramen i located 
more or !es in the center of a deep median groove. A 
mall me ial and distal foramen i pre ent at each ide 
of the protuberated central lobe, along the crown-root 
junction . Root coating is absent. 
M LE 
The crown bear a low cu p with conca ly arched cutting 
edge on anterior and latera l teeth. ln occlu al iew, the 
li ghtly con e outer part exhibit a trongly arched outer 
dge and a trilobed inner part, with a poorly de eloped 
me ial and di tal but a weil de loped central uvula. 
Lnner and outer ornamentation i ab ent. 
The root is relati ve ly hi gh and large ly situated on the 
inner half of the crown ba e in ba al iew. Its outer part 
is bluntly angled in ba al view, wherea the inner part 
hows weil deve loped trilobation. !arge foramen i 
pre ent more or le in th e c nt r of a d ep medi an 
groo e. A mall me ial and di tal foramen i pre ent at 
ach ide of the protuberat d c ntral root lobe. Root 
ating i ab ent. 
Genus : Trygonorrhina M .. LLER & H E LE, 3 
Tiygonorrhina Ja ciala M üLLE R & H E LE, 41 
(Plate : 29 and 0) 
Tiygonorrhina fasciata M .. LL · R H E1 L, l 41 
y tcmati ehe Be ehr ibung n d r Plagio tom n: 1 4. 
I I ETERODO TY 
Th dentition i gradi nt monognathi h t r dont. either 
e ual n r ontogeneti c heterodonty ould be det rmin d 
larifie beca us of lacking mal and ju nile p im n . 
L RIZ TIO 
The teeth how holaulacorhizy, with an extremely large 
pulp cavity, From whi ch the va cu lar tube of the circum-
pulpar dentine radi ate into crown and root. One large 
central foramen in the median groove and a maller me ial 
and di tal Foramen connect the pulp ca ity with the 
out idc. teodentine wa not found . ( ee textfigure 9) 
Textfigure 9 . 
Trygonorrhina fasciala tooth hi tological cro - ection . 
FE L 
The crown bear a roundecl, hardly perceptible, weakly 
ar hed Iran ver e keel. It di ide the crow n into a conve 
outer pa rt, th e outer edge oF whi ch i weakly arched 
outward, and a trilobed inner part with a po rly deve loped 
mc ia l and di ta l, but a we il developed, more or less 
trian g ul a rly shaped centra l uvul a . The oute r face i 
mooth . oarse costul ati on i pre ent at the edge oF 
the centra l uvul a, li ghtly aFfectin g a l o the me ial and 
di tal u ul a . The root i r lati ely low and largely ituated 
on th e inner ha lf of the crown ba e in basal iew. lt 
outer part i weak ly arched in ba a l view, wherea the 
inner part hardly how tri lobati on. A large fo ramen i 
pre ent more or le in th e center oF a deep median 
groove. Me ia l and di sta l foramina are ab ent. Trace of 
root coa tin g are perceptibl e nea r the crown-root junction . 
Genu : Zanobatu G R:Vt , 19 13 
Zanobatu choenleinii ( ·· LLI:.R & Ht:. L , l 4 J) 
(Plate 33 to 35) 
Platyrhina s hoenleinii OLLER H LE, 41 
y temati ehe Be chreibung der Pl ag io tomen: 125 
The dentition i gradi nt monognathic h t rodont. ual 
h t rod nt i p orl d loped with a mall central u p, 
m tim flankcd b t\ o poorl de e lop d cu plct on 
Th 
v. n in adu lt male , in tead f a tran \ er e keel in 
nt g n ti het rodo nt i do ument d b the 
[ thi parti ular CU p On te th of ma] juv nil 
int r '' n and r 
th m dmn gro ' ·onn 
mall pulp a\tl , 
umpulpar d nttn 
ne I rg ntral foramen tn 
pulp mity \\tth th out td. 
Textfigure I 0. 
Zanobatus choenlemii tooth hi tologtcal ro - ectwn. 
LE 
The crown ha a low, wcak ly arched tran ver e kcel, 
which i traigh t in occ lu al view, dividing the cro~; n 
into a lightly on e out r and an inner part, the dg 
of wh ich are weak ly archcd but not tri lobated . Inner and 
outer ornamentation i ab ent. The root i relati el low. 
foramen i pre ent more or Je in the ntcr of a 
dcep, hort median groo e. ie ial and di tal foramina 
are ab ent. Root coating i ab ent. 
MALE 
The crow n ha a weil clcveloped cu p, ' ith on ave l 
arched cutti ng edge , om time fla nked by two cu plet . 
The rown ex hibit a li gh tly con e outer and an inner 
part, the latter with more or le triangular but not trilo-
bated edge. [nner and ou tcr ornamentation i ab ent. Th 
root i re lati e ly low. foramen i pre ent more or le 
in the center of a deep h rt median groo c. Me ia l and 
di tal Foramina a re ab ent. Root coating i ab ent. 
Genu : Zapteryx J RD & ILB RT, 18 0 
T eth of the type pecic Zapte1yx exa perata w rc n t 
a ai lab l for amtnation . For thc de cription and illu -
tration were te th of the on l other pecie Zaptetyx brevi-
ro Iris u ed in tead. 
Zapleryx breviro tri (M LLER & H E LE, I 4 1) 
(Piate : 3 1 and 32) 
Rhinobatu (Syrrhina) bre1•iro tris LLER & 11 LI, I 41 
y temati ehe Be chreibung der Plagio tomcn: I 14. 
H ETERODO TY 
The dcntition i gradi nt monognatht heter dont. ctthcr 
ual nor ontogenetic heterodont cou ld be clanfied 
becau o lacking male and ju cnile pecimen . 
orhiz , wtth a mall pulp ca\ity, 
from wht h the va cular tube of the ctrcumpulpar dentme 
radiale into crown and root. n large central foramen 
in th median groove and a mall r me tal and dt tal 
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Textplate 9. Zanobatus schoen/einii EM photo of the upper central and of the lower right commi ural part of the jaw of a 
female I .5 cm t.l., aly. enegal. cale bar repre ent I mm . 
tudy of the comparative morphology of teeth and other rele ant ichthyodoruhte 1 ~5 
foramen connect the pulp cavit wi th the out ide. 
0 teodentine \ a not found. ( ce te tfi gure 11 ) 
Te tfigure I I. 
Zapteryx breviro tri tooth hi tological cro - ection . 
The crown bear a low, weakly arched tran ver e keel, 
which i traight in occlu al view and di ide the crown 
into a li gh tly con ex outer part. of \ hich the outer edge 
i weakly arched, and a trilob d inner part. The me ial 
and di tat uvu la are poorly developed. The irregu lar ly 
haped central one i better de eloped. Inner and outer 
face are mooth . The root i relatively low, not partic-
ularly protuberated inward . A foramen i pre ent more 
or le in the center of a deep , hort median groo e. 
Me ial and di taJ foramina are ab ent. Roo t coati ng is 
presented along the crown-root junction . 
DIFFERE TIAL DlAG 0 T 
cept for Zanobatus and Zapte1yx all rhinobatid pecie 
ha e a tri lobed root. Teeth of Zanobatus, however, Iack 
a true uvu la, which character di tingui he thi genu 
from Zapfetyx. 
Rhina and Rhy nchobatus only p a true reticu lat d 
ornamentation, which on teeth the latter i le 
de eloped. The tooth crown of Rhina i genera lly more 
irregu larly hapcd than of Rhy nchobatu . 
B th m ial and di tat uvula of Rhinobato , 1/ygonorrhina 
and Platyrhinoidi ar poorly de eloped in ontra t to tho e 
of Aptychotrema and Platyrhina, in which they are weil 
developed and eparated by a notch from th e centraJ one. 
Thc entral u ula of Trygonorrhina i triangularly hapcd 
and bcar coa r e co tute , wherea tho c of Rhinobatos 
and Platyrhinoidi arc mooth, ith a more or le rounded 
edg . The centrat uvula of Rhinobato i relati ely narrower 
and Ionger than that of Platyrhinoidi . 
Th t cth of Aptychotrema and P/atyrhina can be di tin-
gui hed b thc much high r root and a much more protu-
b rated entral r t lobe in pecie of the latt r gen u . 
Th t th f Pri ti are ompared h r , be au e of thet r 
g n rall imilar morpholog . Pri ti te th, however, arc 
di tingui habt by their e tr mel long, weil develop cl 
ntral u ul a and th ab n e of tru di ta J and m ial 
U\ ul a fr m tho of th rhtn batid and rhtnid p ci 
th m rph I g 1 kno\\ n fTom fo iltz d 
''" r Jura i , but th p tfi tooth hara -
teri tic of rhinobatid pecie are recogmzed in the Lower 
Cretaceou by te th of the genu Rhrnobato . Teeth of 
Platyrhina and Zapte1yx appear fir t in the Palaeocen , 
and an almo t complete articul aled keleton of Platyrhina 
i known from th e Eocene. 
lthough in genera t the tooth morphology of the dtfferent 
taxa appear imilar, particular differen offer an 
important tool for di tingui hing bet\ een th taxa of 
Rhinobatoidea . 
Tooth morphology upport di iding the Rhinobatoidea 
into three uprageneri c group : 
I Rhina and Rhynchobatu 
2 Aptychotrema, Platyrhina. Platyrhinoidis, Rhinobato and 
Tr);gonorrhina . 
3 Zanobatu and Zapte1yx 
Due to th e tabl e tooth mor phology, there i no e iden e 
for a po ible ongoing xplo i e de elopm nt, a it v a 
ob erved in Rajidae (HERMA , HOVE T DT-E LER, 
HOVE TADT & TEH I N 1, 1996) . The (arge number of 
Ii ing nominal pec ie of the genu Rhinobato (ca .40), 
with ery minor difference in their tooth morphology 
and the e tremely low number of fo il record during 
the who le tertiary p riod (2 pecies) give rea on to doubt 
the alidity of all the e nominal pecie . 
TYPE OF VA CUL RIZ TlO 
The tooth va cularization y tem of alt ta a conc rned 
was al o examined, de cribed and illu trated. II a cu-
larization type hO\· ed more or I the ame prin ipl e: 
a small pulp cavity ituated in the root center, whi ch i 
connected to aperttu·c that are mo tly found in the center 
of a median groo e in ca e of a holaulacorhi zid type of 
root or on tbe inner and/o r outer face of the root in 
ca e of econdar hemiaulac rhi zy (Hov TADT 
HovE TADT, 1993) and a me ial and di tal one fl anking 
th centrai uvula . ne or two additional inn r and/or 
outer foramina may be pr ent at trregular po ition but 
ometim j u t abo e the medi an groove, ' hi h are 
connected to th.., pulp ca ity to . Th pulp ca ity i , e en 
in thc root area, alway urrounded by orthodentine, and 
the a cular capil lary tube of th e orthodentine radiate 
from the pulp cavity into root and crown. 
Pre iou i ue of thi erie hav pr ided od ntol g ica l 
key for tdenti fication of the different gen ra and 
ubgenera of an order or famil . uch a key cann ot b 
gi en for the Rhinobatoid a becau e both e e w r not 
equa ll a ai lable for e amination. 
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ary (applyin to all previou ue of thi ' 
0 ER I G Tlf J \i 
nterior 
Tooth po ition lo e to jun tion I left and ri ght jaw 
ha lv . 
ommi ural 
Tooth po ition near the end of jav . 
Dignathi c 
Heterodo nt b ha ing different tooth mo rph I g 1n 
upper and lower ja 
File 
Tooth row fro m ymphy i to ard end of jaw. 
Het rodo nt 
Diffe r nt tooth morphology with in a tooth f il e. Ther 
are two type of heterodonty: dignathic and monognathic. 
Homodonty 
Uni fo rm tooth morphology within a tooth fil e. 
La teral 
Tooth po iti on ha lf way a long the jaw. 
Longitudina l 
ymphys ia l/comm i ural direction of a tooth lil e. 
Mo nognathi c 
Heterodonty within one jaw onl y. (thi ca n appea r as 
gradi ent or di junct) 
Parasymphy ial 
Fir t anteri or tooth row, if a ymphy ial tooth row 
ab ent. 
Po te ri or 
Tooth po 1tron towa rd thc angle of jaw . 
P cudo ymphy ial 
One of the para ymphy ia l too th row placed in th e 
po ition of the ymphysia l toolh row ( ymmetry). 
Row 
Tooth row from inner face to outer face of j aw. 
ymphy ia l 
Teeth at juncti on of both ha lve o f a j aw. 
Tran ver al 
Outer/ inner directi on of a row. 
0 ER fNG THE TOOTH 
An-,Hemi- ,Hol- and Polya ul aco rhi zid 
Concerning their va cul arization, a ier(1947) recog-
nized and de cribed 4 phy logetically igni fica nt root 
type within the orthodont histotype of ela mobranch 
t eth. 
naul aco rhi zid 
Va cu larization through cattered fo ram ina of equal ize 
on both outer and inner fa ce , (e.g. Hexanchidae). 
Hemiau lacorhizid 
a culari zation through a median groove and J or 2 
lateral foramina on inner fa ce, like in quatinidae and 
Orectolobidae). 
Holaul acorhizid 
a cul ari za ti on through many mall foramina concen-
trated in a median groo e running from outer to inner 
face (e.g. Raj idae). 
tudy of the comparative morphology of tee th and other rele' an t Ichthyodoruhte 
Polyaulacorhizid 
a cularization through many mall foramina concen-
trated in e eral groove running parallel from outer 
to inner face (e.g.Myliobatidac) . 
pron 
pan ion of thc centrat part of the outer crown ba e. 
Baal 
Bottom face concerned . 
o tule 
horl, ertical ridge ometime pre ent on inner and/or 
outer crown ba e. 
rown 
Enamclated tooth part. 
Di tal 
Tooth edge or part toward ang le of jaw 
Hi totype 
Type of internal tooth ascularization. 
Inner face 
Viewed from in ide the mouth . 
Longitudinally 
pi o-ba al ly directed tructuring on a tooth . 
Median groo e 
Groovc running from the inner root ba e to the inner 
crown-root junction, dividing a holau lacorhizid type of 
root into two root lobe . It include the main foramina 
of thc a cularization y tem . 
Me ial 
Tooth cdge or part toward junction ( ymphysi ) of left 
and right jaw hal e . 
eo-holau lacorh izy 
Modi fication of the ho laulacorhizid type of root, 
combining a hal low median groove and an extremely 
e panded pulp cavity. 
rthodont 
I-l i totype of va cularization, by which a tooth is 
upplicd primarily by an internal pulp cavity radiating 
into numerou tiny canal penetrating the orthodentine 
layer. 
0 teod nt 
Hi totype of a cularization, by which a tooth i upp lied 
withoul any pulp cavity by catt red tiny cavitie and 
canal pen trating the o teodcntine layer of the root 
and the internal crown material. 
Outer fac 
ie' ed from ut ide the mouth . 
P eudo-apron 
pron- like rtical rid ge that ppear ometim on 
lateral and po lcrior teeth . 
P ud -o t dont 
Th of an originally orth d nt 
1ng fill d c ondaril wi th o teo-
th tooth from which the va cu lari zation 
i pr ad 'ia ana li uli . 
Root 
on- nam lat d tooth part, !hat form th j un ction \ ith 
th Ja" gum and provid ,.a ularization of the tooth . 
Ro 1 atmg 
a11ng n the upp r part f lh r ot (probabl 
nam loid ). 
Root tem 
Root part between the crown ba e and rool lob ec t10n . 
econdary anau lacorh izy 
Median groove of a holaulacorhi zid typ of root totally 
overgrown to form a clo ed tube interna lt conn cted 
or merged with the pulp ca ity. 
eco ndary hemiaulacorhizy 
Median groo of hol au lacorhi zid type of root overgrO\ n 
to ariou exrenl , con erting the median groove to an 
internal tube, which i merged \\ith the pulp a it . 
triae 
Vertical ridge running from cro\ n ba e toward apex . 
ulcu 
Groove developed by the primary a cularization ca nal 
leading from root ba e the mai n foramina in anaula-
corhizid root type . Jt differ from the median groo e 
in which everal foramina are concentrated of the 
holaulacorhi z id root type and the paralt l groo e of 
the polyaulacorhi zid root type, re pective l , in that a 
ulcu Iacks foramina . 
Tran ver e ridge dividing the crown into inner and outer 
face. 
U ula 
Lobate exten ion of th 1nner crown ba e. 
Compo iti on of the plates 
far a po ible plate of i olat d teeth of one juv nile 
(male or female) and of adu lt male and female are 
pre ented for each supra pecific taxon . 
The plate ha a con i tent compo ition : upper tecth are 
pre ented with their cu p downward and lower te th with 
their cusp upward . 
Th choice of left or righl jaw hat e illu trat d depend on 
the pre ervation quality of the pe imen ' tooth fil only. 
Legend 
s = ymphy ial po ition 
a = anterior po ition 
I = lat ral po ition 
p = po terior po ition 
c = commi ural po ition 
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Plate 1. Anoxypri tis cuspidata (L THAM, 1794) . Female 70 cm t.l. , Indian Ocean (M I-IN) . Upper and lower teeth. 
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Plate 3. Pristis pectinata LATHAM, 1794. Fernale 375 cm t.l. , orea, enegal. ppcr teeth. 
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Plate 6. Pristis pectina/a LATH M, 1794. Male 370 cm t.l. , Gorea , enegal. Lower teeth . 
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Plate 7 . I . Anoxypri ti cuspidata (LATHAM, I 794) . Dorsa l (a), po terior (b) , ventral (c) and ba ilar (d) view of a ro tral pine of a female 79 cm t.l. ; b. Pristi pectinata 
LATHAM, 1794 . ame view of a ro tral pines of a female 0 cm t.l. The dor al and ventral view are ten time enlarged . 
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, 1794 ), ventral and dor al view of the ro trum of a female 0 cm t.l. ; 2. amc v1ew of the ro ·trum of a male of thc same spectes 
o f the ro trum of a female 79 cm t.l. The lenght of all the ro tra i circa fifty procent rcduccd . Pho10s I & 2 Eric Vanderhoefi , 3 
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Plate 9. Anoxypristis cuspidata (LATHAM, 1794): dor al (a), ventra l (b), basilar (c) and one back profile (d) v1cw of thc third (I) and e leventh (2) lcft rostral pine of an 
adult female, Indian Ocean . The dor al and ventral views are twice en larged . Photos lnga Coethals. 
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Plat 10. Pri lis pectinala LATHAM , 1794: dor al (a), ventral (b), ba ilar (c) and one back profile (d) view of the third and twelft left ro tral p111e of an adult female, lndtan 
Ocean. The dor al and ven tral view are twice enlarged. Photo fnga Goetha/s. 
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Plate II . I . Pristi pectinata LATHAM , 1794 and 2. Anoxypristis cuspidata (LATHAM, 1794): dorsal view of both male and female adult ro tra ; !arge t are those of the male . 
Indian 0 ean, no data . The lenght of the rostra i circa fifty procent reduced . Photo lnga Goethals. 
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Plate 12. - Rhina ancyc/ostoma BLOCH & SCHNE LDE R, 180 1. Juvenile mal e 52 cm t.l., Thailand coast. Lower teeeth . 
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Pl ate 13. Rhina ancyc/o toma BLO l-1 & 1-l EIDE R, 180 I . dult pecimen circa 25 0 cm t.l. , Indian Ocean. Upper teeth , the comm i sura l one twice en larged. 
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Plate 14 . Rhina ancyclostoma 8 LO II & 1-1 EID - R, I 0 I. dult pec1men circa 250 cm LI., Ind1an Occan . Lower teeth, the comm1 ural one 1 tw1ce enlarged. 
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Plate 15 . Rhynchobatu djidden 
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(FOR K L, 1775). Adult specimcn , no data , Indian Ocean. pper teeth . 
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Plate 16. Rhynchobatus djiddensis (FüRS KAL, 1775). Adult pecimen, no data , Indian Ocean. Lower teeth . 
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Plate 17. Rhynchobatu lübberti EHRE BAUM, 1914. Adult male 160 cm t.l., Joal , enegal. ppcr teeth . 
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Plate l . Rhynchobatu liibberli EHRE BAUM, 1914. Adult male 160 cm t.l. , Joal , enegal. Lower tecth . 
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Plat 19.- Aptychorrema bougainvillei ULL R & HE LE, I Ol. Male 91 cm t.l., Port Jack on, u tralia. U pper teeth, the commi ural one i twice and a half enlarged. 
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Plate 20. - Aptychotrema bougainvi!lei MULL ER & HE LE, 180 1. Male 91 cm t. l. , Port Jackson, Au tralia. Lower teeth , the commissural one twice and a half enlarged. 
!-
:r: 
t'T1 
"' .s: ;l> 
/ 
~ 
0 
< 
/ (/) -l > 
0 
-;-i 
t'T1 
a ('"" r 
t'T1 
;o 
0 
("'I 
:I 
0 
< 
t'T1 
(/) 
-l 
:;t... 
0 
-l 
Ro 
:::. 
(/) 
-l 
t'T1 
:r: 
'7 
> 
L. 
L. 
0 mm 1 
Plate 21 . Platyrhinoiäi tri eriata (JORD & GILBERT l 0) . Fernale 44,5 cm t.l., La Jolla, California, U A. Upper teeth . 
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Plate 22. Platyrhinoidi · tri eriata (J RD GILB ERT, I 0). Female 44 ,5 cm t.l. , La Jo ll a, a lifornia, U . Lower teeth . 
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Plate 26. Rhinoba10 cemiculu E. EOFFR Y DE I T HILAJRE, 1 17. Male 292 cm t.l., Abidjan, lvory Coa t. pper and lower teeth . 
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Plat 27. - Rhinobato rhinobato (L E , 175 ). Ferna le 8 1 cm t.l. , a ly Beach , enegal. Upper teeth . 
of th e comparative morphology of teeth and other relevant tchthyod rultte 
..<: 
v 
E 
..... 
Cl) 
3 
0 
...J 
_; 
«:: 
CO 
Cl) 
c 
ro Cl) 
E C/l 
E ..<: 
<.) 
«:: 
Cl) 
CO 
>, 
«:: 
C/l 
-
...; 
E 
<.) 
00 
~ 
«:: 
E 
0 Cl) 
(..L.. 
....... 
00 
V) 
c-
C/l 
::J 
w 
-< z 
:J 
"" 0 ~ 
-Cl 
0 
.:: 
..:::: 
:.... 
"" 0 
~ 
-Cl 
0 
:: 
..:::: 
Cl:: 
oO 
N 
~ 
«:: 
0.. 
'-
:r: 
tT1 
;;:::! 
3:: )> 
.L. 
5 ~ 
:r: 
~ 
rn 
(/) 
~ 
0 
-;-' 
rn 
:r: 
0 
< 
rn 
(/) 
-I )> 
0 
-I 
Ro 
3:: 
(/) 
-I 
tT1 
:r: 
3:: 
)> 
0 mm ~ 
Plate 29.- Trygonorrhina Ja ciata MULLER & HENLE, 1841. Fernale 72 cm t.l., Port Jack on, Au tralia . Upper teeth . 
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Platc 30. - Trygonorrhina fasciata MULLER H LE, 1 41. Female 72 cm t.l. , Port Jackson , Au tral ia. Lower teeth . 
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Plat 31 . ZapteiJ'X breviro tri (M LL R HE LE, I 41 ). Fernale 42 cm t.l., Rio de Janeiro , Bra il. Upper teeth . 
0 
Pl ate 32. - Zapteryx brevirostris (MULLER & HENLE, 1841 ). Fernal e 42 cm t.l. , Rio de Janeiro , Brasil. Lower teeth . 
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Plate 3 . - Zanobatus choenleinii (MULLER & HE LE, 1841). Fernale 43 cm t.l. , aly Beach, Senegal. Upper teeth . 
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Plat 3 . - Zanobatu choenleinii (MULLER & HE LE, 184 L) . Male 52 cm t.l. , aly Beach , Senegal. Upper and 1ower teeth. 
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